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THESE 3 QUESTIONS! 


THEN YOU BE THE JUDGE! 


1. ARE ALL STEP REGULATORS ALIKE? Exclusive features that give you smoother 


Compare the Allis-Chalmers 54% Half-Cycling Step i sec : cetneet Seen — 


Regulator with any other step regulator on the market s 

today! And there’s your answer! 54% steps . . . proved = bya 4 a Yate _ Cy- 
in actual operation . . . give smoother regulation with | ©7"8 —P ee: , = a oun 
less tap changes! “Feather-Touch” Control makes ad- 1170-C. Get the complete statis about 
justment of the contact-making voltmeter simple .. . smoother regulation at lower cost! 
easy . . . doesn’t waste your operator’s time! “Quick- 
Break” mechanism combined with contacts of special 
non-arcing RS-79 metal cuts contact deterioration to the 
absolute minimum! No other regulator can give you all 
these features! They’re exclusive with Allis-Chalmers! 


HOW DO THEY COMPARE IN OPERATING 
ECONOMY? 


These extra value features in Allis-Chalmers 54% Half- 
Cycling Step Regulators mean extra years of depend- 
able, trouble-free service for you! Contacts that won’t 
wear out . .. all operating parts immersed in oil... 
time-saving “Feather-Touch” Control . . . combine to 
beat operating waste, raise operating efficiency to a 
maximum! That’s why operators all over the country 
say, “Once they’re installed you can forget about them!” 






HOW CAN A REGULATOR PAY FOR ITSELF? 


Voltage drop-off during peak hours means revenue drop- 
off for you! And because an Allis-Chalmers Regulator 
keeps voltage smoother .. . keeps output high, your 
revenue is actually increased! You build good will in 
terms of increased customer satisfaction! 
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In the development of an ideal hydraulic turbine 
governor there are three fundamental requirements 
to be met: 


First, the governor must be sensitive enough 
to respond to the slightest change in speed; 


Second, there must be prompt acceleration of 
the control mechanism of the turbine in 
response to the speed change; 


Third, the control mechanism for adjusting 
the turbine output to a new load demand 
must be accurate. 


The first requirement involves a speed respon- 
sive element commonly called the flyballs, or speed 
governor. This unit must respond to the slightest 
speed change of the turbine and produce an initial 
movement sufficient to cause the acceleration and 
movement of the control mechanism. The sensi- 
tivity of this element is of the greatest importance. 
Any delay in response produces an initial speed 
change (rise on load rejections and drop on load 
increases) of the revolving masses. This in turn 
causes delay in the movement of the control 
mechanism, which may produce hunting, since the 
movement of the control mechanism, in order to 
compensate for the delay, may become excessive. 
If the control mechanism could follow at such a 
rate that the resultant output would at all times 
be equal to the output demand or load, then the 
mechanism would always be in the correct position 
so that no after-movement would be involved. 


AT LEFT: Inspecting cast steel spiral casing of one of the 
115,000 hp hydraulic turbines for Boulder Dam. 


MARCH, 1939 ALLIS-CHALMERS 


SUPERSENSITIVE 
GOVERNOR for 
two 55.000 hp hy- 
draulic turbines. 


To assure highest sensitivity, the friction of the 
moving parts producing this initial movement must 
be a minimum, and the initial movement itself must 
require a minimum of effort, as otherwise it would 
require a correspondingly greater speed change to 
accumulate energy for producing the required move- 
ment. 


If, for example, the speed responsive element were 
to produce a force for moving a stem on the 
mechanism upward or downward of two pounds for 
each one percent speed change, it is evident that 
to produce double the force a speed change of at 
least two percent would be necessary. Likewise, 
if that same speed responsive element were called 
upon to produce a force of only 1/100 pounds to 
produce movement of the stem, the speed change 
necessary, neglecting initial friction, would be only 
1/200 percent. 


The second requirement involves a servomotor 
which produces the necessary foot pounds to move 
the control mechanism of the turbine. In order to 
act promptly, the fluid to the servomotor cylinder 
must be applied in as large a quantity as possible 
through a control or distributing valve actuated 
from the speed responsive element of the governor. 


The third requirement involves the so-called re- 
storing mechanism, which adjusts the movement 
of the servomotor to the position of the element 
responding to the speed change. 


@ Operation 


The control valve of the governor distributes the 
fluid under pressure on the two sides of the oper- 
ating piston of the servomotor, whereby the output 
of the turbine is changed. When the over-pressure 
force upon the piston of the servomotor equals the 
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resistance from the control mechanism of the tur- 
bine, the servomotor is at rest. This condition is 
called the “dead-beat” condition of the governor 
and is obtained only with a fixed position of the 
control valve. Without a restoring mechanism, or 
relay, in the speed governor, control valve and serv- 
omotor system, the speed governor can assume only 
one fixed position or speed. Any change above or 
below that speed would cause the control valve 
to be moved out of its dead-beat position and would 
cause the servomotor to keep moving the control 
mechanism until the speed governor had resumed 
normal speed. In other words, without a restoring 
mechanism, the governor would tend to hold con- 
stant speed irrespective of the load carried by the 
turbine. This would cause hunting and would also 
make it impossible to operate generators in parallel, 
because the output of each generator would trans- 
fer continually from one to the other, depending 
upon the quality, that is, sensitiveness and mechan- 
ical accuracy of workmanship of the governor. The 
restoring mechanism, or relay, therefore, has two 
purposes : 
1. To restore the control valve to its dead- 
beat position, so as to stop the movement 
of the servomotor. 


2. To allow an increment of speed change 
(so-called droop) for each fraction of 
power output of the turbine, so that for 
each amount of output there is a corre- 
spondingly fixed dead-beat position of the 
servomotor. By this means the governor 
can hold any desired load within the range 
of output of the turbine. 


By adjustment of the restoring mechanism, this 
so-called droop can be set for any desired amount, 
say from one-half percent to six percent. Therefore, 
the speed of the unit at no-load will be one-half to 
six percent higher than at full load. It is evident 
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that the greater the percentage of speed droop the 
less will be the tendency of the governor to hunt. 
In some cases it may not be permissible to allow 
as much as_six percent. If, for example, all units 
in a large power system had a six percent droop, 
the speed or frequency of the system on heavy 
peak loads would be close to six percent lower 
than on very light loads. This undesirable condi- 
tion can be corrected by individually and manually, 
or even automatically, shifting the restoring mech- 
anism as the load comes on. 


By introduction of a combination restoring mech- 
anism, the relay action can first take place with 
a relatively large droop so as to prevent over-reg-- 
ulation and subsequent hunting. Then by means 
of a second relay mechanism the speed droop can 
be reduced. The time element of this readjustment 
or correction of speed droop can be adjusted 
through the use of an oil dashpot and by-pass. 


e Disadvantages 


Such a combination restoring mechanism intro- 
duces practical disadvantages affecting the operation 
of the system. First of all, it is more complicated ; 
and second, the time element of an oil dashpot is 
subject to the changing behavior of the oil with 
temperature. Adjustment of its by-pass would ac- 
cordingly be difficult. 


The speed variations of a hydraulic turbine de- 
pend on two essential factors: 


1. The amount of sudden load change. 


2. The amount of available flywheel effect 
of mass rotating with the unit. 


If the unit is operating by itself, that is, not con- 
nected to a large system, the sudden load changes 
may amount to a large percentage of its rated capac- 
ity. At the same time there may be practically 
no additional mass rotating with it, especially when 
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GOVERNOR-CABINET show- 
ing pressure tanks, unloading 
valve, and pressure actuator. 


on a water rheostat load test. These conditions 
will produce relatively high sudden speed changes, 
tending to cause hunting, unless a relatively large 
speed droop is allowed by the first restoring mech- 
anism and a relatively long time is permitted be- 
fore correction to the second speed setting is ef- 
fected. 
e Parallel operation 

If the unit operates in parallel with a large power 
system, then sudden load changes in that system 
constitute a relatively moderate percentage of the 
total load carried. Likewise the total available ro- 
tating mass of the system constitutes liberal fly- 
wheel effect, and therefore the speed change result- 
ing from a load change is gradual. It is evident 
that the prime mover units of such a system are 
not called upon for as heavy a duty of regulation 
as in cases involving isolated prime mover plants. 

The effect of the amount of speed droop on the 
operation of the turbine unit may well be illustrated 
by a few actual figures. Assume a system of 100,000 
kw having an ultimate speed droop of one percent. 
A sudden load change of 10,000 kw, or 10 percent 
of the total system load, would in this case be taken 
care of with a change of droop of only one-tenth 
of one percent in the prime mover units. If the 
system were supplied by five units of 20,000 kw 
each, each unit would have to throw off 2000 kw, 
or 10 percent of its output, with a droop change 
of only one-tenth of one percent. If now the speed 
governor has a sensitivity of 1/50 of one percent 
it would not complete its action for an interval 
correspondi::z to one-fifth of the required speed 
change, which expressed in kw load is one-fifth of 
2000, or 400 kw. It can be seen, therefore, that 
sensitivity of a turbine governor is of primary im- 
portance. 

Paralleling with relatively small initial flywheel 
effect is often difficult because of the tendency of 
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the governor to hunt. This condition can be greatly 
improved by refraining from paralleling with the 
synchronizer adjusting the relay mechanism, which 
permits the governor to close as well as open the 
turbine control mechanism while hunting, and in- 
stead, as has been the practice in power plants for 
many years past, paralleling either by hand or re- 
motely with a load limiting device. This prevents 
excessive opening of the control mechanism of the 
turbine during the process of securing synchronism 
with the system. 


The introduction of the electric clock operated 
from large power systems necessitates a very close 
adherence to rated frequency. This is accomplished 
with auxiliary frequency control devices. It is evi- 
dent that so long as the prime mover units are 
regulated with a relatively large droop these aux- 
iliaries are called upon to do considerable correcting 
when large load variations are experienced. ~ 


Hydraulic turbines answer the demand for quick 
response in the prime mover, except where long 
pipe lines are. involved, which introduce problems 
of change of kinetic energy. Such problems are 
particularly acute where water cannot be wasted 
during the process of regulation. 


Existing hydro plants have taken over severe 
duties, such as have been outlined, after their gov- 
ernors have been remodeled to specifically meet 
these exacting requirements. Many interesting fea- 
tures have been developed for this purpose and 
have opened a new field of activity in that particular 
branch of governor design and construction. 


Hydraulic turbine governors of recent design, 
with an initial sensitivity of better than 1/100 per- 
cent and with the relay compensating mechanism 
holding the total full load-no-load speed droop down 
to less than one-half of one percent, are now in 
successful commercial use. 


governor has a rated capac- 
ity of 630.000 foot pounds. 
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INTERPHASE TRANS- | 
FORMERS FOR MERCURY 
ARC RECTIFIERS 


Although many people are familiar with the pur- 
pose of the piece of apparatus known as the “inter- 
phase transformer,” formerly called an “absorption 
reactance coil” and used with mercury arc recti- 
fiers, how it functions is not so generally under- 
stood. The name “interphase transformer” is un- 
doubtedly even more misleading than the now 
obsolete term “absorption reactance coil.” In the 
ordinary sense, an interphase transformer is not a 
transformer, nor is it an absorption reactance coil, 
any more than is any other reactor which is used 
to limit the value of an alternating current. 


A more descriptive, though cumbersome, desig- 
nation would be “selective commutating reactor.” 
As this expression implies, the interphase trans- 
former selectively introduces additional commutat- 
ing reactance between the phases of the rectifier 
transformer in such a way as to greatly decrease 
the commutating current between certain anodes. 
To explain clearly how this action is accomplished, 
it is necessary to give a resumé of the operation of 
a rectifier and its transformer, the commutation of 
current between anodes, and the effects of the re- 
actance on the commutation of current and on the 
regulation of the rectifier unit. 


AT LEFT: Automatic Feeder Voltage Regulator installed in a 
substation of a large midwestern utility. 
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Fig. 1—GRID CONTROLLED Mer- 
cury Arc Power Rectifier built 
for heavy-duty subway service. 


s Angle of overlap 


The d-c output voltage of a rectifier can be con- 
sidered as the positive envelope of the anode volt- 
ages, because the current is carried at any instant 
by that anode (or anodes) which has (or have) the 
highest positive potential at that moment. It will 
be seen that, in the case of the simple six-phase 
rectifier transformer illustrated in Fig. 4, anode 1 
will carry current for 60 electrical degrees until its 
voltage falls below that of anode 2, at which time 
anode 2 will take the load and carry it for 60 de- 
grees and transfer it to anode 3, and so on. 


In an actual transformer this transfer of current 
cannot take place instantly because of the leakage 


reactance of the transformer windings. For ex- 


ample, the current will decrease in phase 1 and in- 
crease in phase 2 until phase 2 is carrying the 
entire load. This transition period is known as the 
commutating period, or angle of overlap. 


When considering this condition mathematically, 
it is expedient to consider a commutating current 
superimposed on the normal currents of anode 1 
and anode 2 and circulating between these two 
anodes. In order to carry current simultaneously, 
the’ two anodes must have the same potential, 
which is obtained through the short-circuit cur- 
rent formed by the arc between these anodes and 
is limited only by the impedance of the trans- 
former windings. This is analogous to the commu- 


ELECTRICAL REVIEW PAGE 9 








tation of current between the windings of a d-c 
machine when the brush moves from one commu- 
tator bar to the next. In a rectifier, the mercury 
arc replaces the brush. 


By referring to Fig. 5 and neglecting resistance, 
it is obvious that the commutating current can be 
expressed as - 








(1) I= (E.—E,) =I./—90 
2jx 
This leads to the relation 
(2) | cos p—1— —_ = 
V2 E sin > 


in which ,» is the angle of overlap, p is the number 
of secondary phases, and E is the no-load rms phase 
to neutral voltage. 


The average d-c voltage, neglecting all losses, is 
ee 
(3) z= BV? a 1+cos Bp 





T x 2 


P 
oe ee pee 
ae EV/2 sin - cos* — 
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Then substituting for cos » from equation (2), it is 
found that 


(4) 
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Fig. 2 — Low voltage side 
of 2750 kw Rectifier Trans- 
former with interphase unit 
mounted over main core be- 
hind bus-bars. BELOW: (Left 
front)—Rectifier Interphase 
Transformer: (Right)— Triplen- 
Harmonic Transformer: (Rear) 
— Main Rectifier Transformer 
for use with 3,000 kw rectifier. 


which demonstrates the important fact that the 
voltage drop as the load increases is a linear func- 
tion of the d-c current. 


During the overlap the two anodes assume a 
potential midway between the induced phase volt- 
ages; because when the reactances in the commu- 
tating phases are equal, the drop produced across 
the leakage reactances by the commutating current 
naturally raises the voltage of anode 1 and lowers 
that of anode 2 by an equal amount. 


It follows that, without an interphase trans- 
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former, each anode in a six-phase system carries 




























































the current 60 electrical degrees plus the angle of Es @ 
overlap ». At no load the voltage is 8 
ee pee E 
E,= V2 E sin = = Ex—+=135E © af 
T 
eae. : e c) 
Pp a 
Pee " 60 

As the number of phases is increased, the working a. 
period of each phase decreases and the d-c voltage Y ie ots a Be ee SS: 
increases. For instance, a 12-phase connection gives @ 2 PRES EST EE Be ee 
a d-c voltage of 1.40 times the phase voltage, and I 
each anode carries current 30 degrees. A single Fig. 4 


phase, full wave rectifier has a theoretical d-c volt- 
age of only 0.9 times the phase voltage, but each 
anode carries current 180 degrees. 


Increasing the ratio of d-c to a-c voltage will 
then tend to increase the utilization of the trans- 
former, whereas shortening the working period of 
the anode increases the ratio of the rms to the 
average value of the anode current, and, therefore, 
decreases the utilization of the transformer. Of 
all practical systems, a simple three-phase system 
permits the greatest utilization of the transformer 
secondary. The mathematical optimum is a system 
which satisfies the relation 


(5) Tan— = i or p=2.7 
P P 


The simple three-phase system, however, gives 
rise to d-c saturation of the transformer core. It 
also even introduces harmonics in the primary cur- 
rent and a large ripple in the d-c voltage. In order 
to overcome these objections, it is necessary to 
make the number of secondary phases an even 
multiple of the primary phases. To accomplish this 
and still retain the advantages of the three-phase 
system, it is customary to use six or 12-phase sec- 
ondaries segregated into three-phase groups. The 
interphase transformer is used to accomplish this 
segregation. Fig. 5 





I-V2 Ig (I-cos. wt) 


Fig. 6 (a) shows the common six-phase-with 
interphase-phase connection. It can be seen that 
the interphase transformer is really a mid-tapped 
choke coil inserted in the path of the commutating 
current. If the interphase transformer is short 
circuited, the connection is as shown in Fig. 4. The 
current will be commutated from anode 1 to anode 
2, from anode 2 to anode 3, and so on. The current 
at 0 will flow alternately toward 0’ and 0”, that is 
toward the anode which is firing at the moment. 
Now consider the short circuit removed and the 
current continuing to flow as before. The resultant 
magnetomotive force in the core of the interphase 
transformer is the sum of the ampere-turns pro- 
duced by the currents shown in Fig. 6 (b) and is 


5) 4—— 
é : 6 
alternating in character, as the d-c components can- 0 
cel each other. The a-c components of the currents i ‘> 
are, therefore, limited by the reactance of the in- 
terphase transformer, while the d-c components 
are not affected. : E 
= (g) 































It will be seen that the magnetomotive force 
has a principal frequency of three times the supply 
frequency, with components consisting of all odd 
multiples of the triple frequency. Fig. 6 
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Fig. 7 


When this circuit is examined under conditions 
of very light load, the commutating current between 
anodes 1 and 2 is seen to flow in the reverse direc- 
tion through phase 1, then through the interphase 
transformer, and in the forward direction through 
phase 2. When the current is commutated from 
anode 2 to anode 3, the commutating current will 
flow through the interphase transformer in the re- 
verse direction. 


Because an interphase transformer or reactor has 
a very high impedance and, therefore, permits only 
a small commutating current, it will take longer to 
complete the transfer of current from anode 1 to 
anode 2, that is, the overlapping period will be 
quite long, even at very light loads, as can be seen 
from Fig. 5 (c) and the equation 


Ix 
iZ Esin— 
¥ p 





cos p=1— 


In this respect the effect of the interphase trans- 
former seems to be no different from that of a very 
high leakage reactance in the rectifier transformer. 
However, there is one difference: the leakage re- 
actance drop in one secondary phase has no effect 
on the voltages of windings on other legs of the 
main transformer; whereas, an interphase trans- 
former causes half the voltage to be added equally 
and simultaneously to the voltages 1, 3, and 5, and 
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one-half of the voltage to be subtracted from the 
voltages of anodes 2, 4, and 6. The direction of this 
voltage is, of course, reversed every sixth of a cycle. 


When the load current has increased to the point 
where the overlapping period of phases 1 and 2 
extends 30 degrees, the voltage of phase 3 is raised 
sufficiently by the interphase transformer so that it 
acquires the same voltage as phases 1 and 2 and 
hence is able to pick up current 30 degrees ahead 
of its normal intersection with phase 2. 


At this point then, commutation takes place be- 
tween anodes 1 and 3, and for a short interval three 
anodes are carrying current simultaneously. In 
normal designs the reactance of the interphase 
transformer is very much greater than the leakage 
reactance of the main transformer; therefore, the 
commutation of current between anodes 1 and 3 is 
practically independent of the interphase trans- 
former and takes place so rapidly at the light loads 
being considered now, that its effect on regulation 
is negligible. This does not hold true, however, 
when the reactance of the interphase transformer 
is purposely lowered, as in certain schemes of com- 
pounding. 


e Pre-ignition 

Figure 7 (c), Section A, shows the anode cur- 
rents as they are with less load than required to 
cause two anodes to overlap 30 degrees, and, Sec- 
tion B with just about enough load to cause these 
two anodes to pick up 30 degrees before the normal 
intersection of the phase voltages. Fig 7 (a) shows 
the anode voltages with respect to the negative ter- 
minal or mid-point of the interphase transformer, 
and (b), the voltage across the full winding of the 
interphase transformer. 


It will be noticed that in Section B of these fig- 
ures the current of each anode drops back to zero 
almost as soon as it has picked up, and it does not 
pick up again until the normal intersection of the 
phase voltages. As the load increases, the pre-igni- 
tion period of each anode increases until it carries 
current continuously from the time it takes the 
current from the preceding anode in its three-phase 
system until it is commutated to the next anode in 
the same system. 


The simplified sketch of Fig. 7 serves to illustrate 
the operation of the interphase transformer on the 
basis of commutating currents, but it also intro- 
duces an apparent paradox. While Fig. 6 (a) shows 
the commutating current flowing from anode 2 to 
anode 3, which naturally commences as soon as 
anode 3 has picked up, Fig. 7 (c) shows the cur- 
rents of new anodes decreasing and that of the fir- 
ing anodes increasing at this time. 


By observing Section C of Fig. 7 (c) closely it 
will be seen that, although the current wave of 
anode 1 appears to be uniform, there is a discon- 
tinuity at the point where anode 2 picks up. Be- 
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fore that point is reached, the wave is the top seg- 
ment of a sine wave of one polarity, and imme- 
diately afterward it is a similar segment of a sine 
wave of opposite polarity. The explanation is read- 
ily found by converting equation (1) to its differ- 
ential form, choosing the proper subscripts, and 
giving the constants of integration due considera- 
tion. 


Because commutating currents are always seg- 
ments of sine waves of the fundamental frequency, 
plus a transient, which can usually be considered 
as direct current, and because the reactance and the 
commutating voltage do not change, it follows that 
the amplitude of the fundamental a-c component of 
the commutating current does not change with 
changes in load. What does change is the length of 
the segment of the sine wave which is utilized. 


In the connection used in the illustration, the 
commutation between two anodes on opposite ends 
of the interphase transformer may be considered 
as limited to 60 degrees, since beyond that point 
one of these anodes drops out and is replaced by 
another. When the load exceeds the value required 
to attain this overlap, frequently referred to as the 
“critical load,’* the d-c component of the currents 
in each half of the interphase transformer increases, 
but the a-c components, or “magnetizing current,” 
does not. The d-c components in the two halves 
oppose each other, and their resultant magneto- 
motive force is zero; whereas, the magneto-motive 
forces of the a-c components add up, and, as can 
be seen from Fig. 7, their frequency is three times 
the fundamental. 


Thus the interphase transformer absorbs the dif- 
ference between the output voltages of the two 
three-phase systems so that each system is effec- 
tually operating independently of the other, and 
the average d-c voltage is that of a three-phase sys- 
tem even though the ripple is that of a six-phase 
system. In other words, the output voltage of the 
unit is the average of the voltages of the two three- 
phase systems, and the difference between them is 
the difference between the positive envelopes of 
E,E.E, and E.E,E,, which, being an alternating 
voltage, is taken up by the interphase transformer. 
The origin of the name “absorption reactance coil,” 
which has been used, is therefore evident. 


@ Regulation below critical load 


During the transition from no-load up to the 
critical load, a small increase in current causes a 
very large decrease in the average d-c voltage, giv- 
ing a very steep regulation curve, as can be seen 


* For details concerning the transition from no-load to a load greater 
than the critical load, see Fig. 59, p. 134, of the book “Mercury Arc 
Power Rectifiers” by O. K. Marti and H. Winograd. 





in Fig. 8. Neglecting the leakage reactance of the 
transformer, the voltage in this region is given by 
the equation 





7 Ken —— 
(6) va > _ ae 
x 127 
p Pp 


in which p is the total number of phases, in this 
case six, and Xjpr is the total reactance of the inter- 
phase transformer at three times the fundamental 
frequency. : 


@ Regulation above critical load 

At loads which cause the two three-phase groups 
to act independently of each other, the interphase 
transformer no longer has any effect on the regu- 
lation, because the commutating current does not 
increase with an increase in load and the maximum 
overlap has already been achieved. Commutation 
then takes place between anodes 1, 3, and 5 con- 
secutively in one group and 2, 4, and 6 consecutively 
in the other group. The regulation is determined 
entirely by the leakage reactance of the main trans- 
former phases. It is obtained from equation (4) in 
which p, however, is now the number of phases in 
each independent system, and I is the d-c current 
in each system; or, by using the old designation for 


the case of n =P phase systems isolated from each 


other by a suitable number of interphase trans- 
formers, the equation is 





Ey2 sin n— 
(7) z= ——P -A_. 
=--- a> 
Pp - Pp 


e No-load rise of voltage | 

It is evident that the regulation curve of a rec- 
tifier operating with an interphase transformer 
consists of two straight lines intersecting at a point 
very close to no-load and generally called the crit- 
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Fig. 9 


ical load. In the case of a six-phase-with-interphase- 
transformer connection, the first line intersects the 
ordinate at 1.35 E, and the projection of the other 
line intersects the ordinate at 1.17 E. If the load 
should drop below the critical load, the d-c voltage 
will rise sharply, following the first sector of the 
regulation curve, and will reach a value at no-load 
approximately 15 percent higher than the voltage 
at the critical load. With other connections, this 


rise may be as much as 50 percent. 


In some applications it is necessary to keep this 
critical load as low as possible to prevent this over- 
voltage on the d-c system at exceedingly light loads. 
Generally there is no difficulty in keeping the crit- 
ical load below two percent of the rated current. 
When it is necessary to design the interphase trans- 
former to meet guarantees of small critical loads, 
an approximation can be made by calculating the 
reactance of the interphase transformer for a sinu- 
soidal voltage wave having a frequency equal to 
the main frequency of the interphase transformer 
(three times the primary frequency) and a peak 
voltage the same as its peak (14\/2 E). Two times 
the peak value of the magnetizing current obtained 
at this voltage is roughly the value of the critical 
load. For most applications this is sufficiently ac- 


curate. 


If greater accuracy is desirable, the wave shape 
of the voltage and the wave shape of the commu- 
tating current through the interphase transformer 
should be taken into account. This commutating 
current is generally called the magnetizing current, 
probably because it is consistent with the generally 


accepted name interphase transformer. 


As was noted before, this commutating current 
is made up of segments of cosine waves of supply 


frequency between the limits +7. The critical load 


is reached when the anode currents of Fig. 7 (c) 
become continuous waves, as shown in Section C. 
The load current is then just equal to the peak 
value of the anode currents, or twice the peak value 


of the magnetizing current. 
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The voltage across the outside terminals of the 
interphase transformer at no-load is almost trian- 
gular in form and has an rms value of 0.416 E and 
a value of 0.402 E by flux voltmeter measurement. 
It is interesting to note that the critical load is 


(8) Tas=2XIe ux) OF 22 Te 


I., represents the critical load and I,,, the rms value 
of the magnetizing current measured with a sinu- 
soidal voltage reading 0.402 E on a flux voltmeter. 


e@ Losses in an interphase transformer 


Another interesting feature of interphase trans- 
former design is the method of calculating and 
measuring losses. In the past, the standard prac- 
tice has been to apply a sinusoidal voltage of triple 
frequency with a peak value equal to the peak of 
the interphase transformer voltage. In the connec- 
tion described this peak value is one-half the peak 
of the phase voltage, and the rms value of the volt- 
age used for measuring the losses is, therefore, one- 
half the rms phase voltage. The core loss obtained 
in this manner is considered constant regardless of 
load. 


Although the results are very approximate, this 
method is entirely sufficient in many cases for effi- 
ciency computations and guarantees, because with- 
out voltage control the core loss in the interphase 
transformer is merely of the order of 0.02 percent 
of the total input. Even at full load it approaches 
only 0.1 percent. However, in design problems 
where accurate determination of the losses is im- 
portant, as in cases involving large degrees of volt- 
age control, it is necessary to make corrections for 
wave shape. 


The wave shape of the voltage across the inter- 
phase transformer, of course, varies considerably as 
the angle of overlap increases due to increasing 
load. An even greater change takes place when the 
firing of the anodes is delayed for the purpose of 
voltage control. 


It is common knowledge that hysteresis losses 
in iron are more nearly dependent on the average 
value of a voltage wave (measured between two 
zero values of the voltage wave which are 180 de- 
grees apart) than on the rms value of this wave. 
The eddy current losses in iron are more nearly 
proportional to the rms value. The flux voltmeter 
is an instrument which measures the average value 
of a voltage wave and consists of a small, full-wave 
rectifier connected to the voltage source and to a 
D’Arsonval type voltmeter. The scale of the instru- 
ment is calibrated to read directly the rms value of 
a sinusoidal wave having the same average value 
as the wave being measured. For voltage waves 
closely approximating a sine wave, it is then suffi- 
cient to measure the core losses at rated voltage 
measured with a flux voltmeter. 
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If it is desired to compute the loss at a voltage 
which is greatly distorted and not readily repro- 
ducible for a test, the following correction must be 
made in measuring the core loss with a sinusoidal 
voltage: 

(9) True watts- 


Observed watts < Zo Hysteresis 7% Eddy X & 


rms of distorted wave 2 
Average of distorted wave X 1.11 


ail rms 2 
~ \ Flux VM 
The average value of the voltage across the in- 
terphase transformer can be expressed by the fol- 
lowing set of equations in which ,» is the angle of 


overlap, ¢ is the angle of delay, and E is the sec- 
ondary phase voltage of the transformer: 








in which K=( 


(10) 

ot+p<30: V (Average)= 

3 | i— Vz [cos (¢+ ,) +cosg]]E 

(11) 

30<46+y4<90, .<60: V (Average)= 

> — V3 [cos (¢+p)—cos ¢] + sin +n] E 
(12) 

30<¢+y<90,n.>60: V (Average)= 


> [ V3 cos ¢—sin +0] E 
The rms values of the voltage are expressed in 
the following set of equations: 


(13) 
0<¢+y<90, n.<60: V (rms)= 





> AY 44 sin 2 (¢+pn) —sin 2$t ~ 





a ie \ j 7 E 
V3 } cos 2 (¢+p) + Cos 2p ‘ 3 7 0-»| x 


(14) 
0<6+pn< 90, .>60: V (rms)= 


1 
2% 
These voltages are plotted in Figs. 10 and 11 


against » for various angles of delay, ¢. Factor K 
is plotted in Fig. 12. : 








a [ cos2 (+p) + cos 26 | +1 XE 


@ Determination of ¢ and » 
Equation (2) may be restated as 
IX 


1—cos p= ee ee 
V2 Esin— 
P 
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If the firing of the anodes is delayed by the 
angle ¢, the following equation (from Fig. 9) is 
obtained : 

(15) 

cos ¢—cos (¢+p)= 





IX 
2 Esin —~— 
Vv Pp 


The angle of delay, ¢, lowers the d-c voltage by 
Epo (1—cos ¢), Epo being the theoretical no-load 
d-c voltage (in this case, 1.17 E). This reduction of 
voltage is independent of load, and the regulation 
curve is, therefore, lowered parallel to itself. The 
steep part of the regulating curve near no-load is 
not altered unless the firing of the anodes is de- 
layed beyond the normal intersection of the phase 
voltages. Otherwise, this section of the curve will 
be projected downward to a new intersection with 
the main regulation curve. This intersection marks 
the new critical load for the given angle of delay. 


e@ Other possible connections 

Although, for simplicity, the data given have 
been confined principally to a six-phase system with 
a single interphase transformer separated into two 
three-phase systems, the use of the interphase 
transformer is not limited to this connection, as 
there are numerous possible connections.* A six- 
phase system may be separated into three single- 
phase full wave systems by means of a three-phase 
interphase transformer. A 12-phase system may be 
separated into four three-phase systems with a 
Greek-cross connected interphase transformer; di- 
vided into three four-phase systems; or split into 
two six-phase systems with one interphase trans- 
former, and each of these systems may in turn be 





*See pp. 175-186 of the book “Mercury Arc Power Rectifiers” by O. K. 
Marti and H. Winograd. 
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split into two three-phase systems with additional 
interphase transformers. 


e Advantages afforded 


The improvements to rectifier operation afforded 
by the inclusion of interphase transformers depend 
upon the natures of the specific application. As 
the d-c voltage is increased, particularly when a 
large range of voltage control by delayed firing is 
involved, the advantages of the interphase trans- 
former diminish, and in some cases will even be 
over-shadowed by unfavorable characteristics. 


One misconception in particular needs to be dis- 
pelled: the interphase transformer must not be 
depended upon te balance the load on groups of 
phases which tend to be unbalanced because of un- 
equal leakage reactances. It is actually only a re- 
actor, and as such can affect only the rate of rise, 
but not the steady value, of a direct current. The 
neutral currents from groups of phases separated 
by the interphase transformer are direct currents 
and cannot be balanced by it. 


The following are the chief advantages effected 
by the use of the interphase transformer: 


1. It improves the utilization of the rectifier. 

2. By reducing the peak value of the anode cur- 
rent, it lowers the arc drop and improves effi- 
ciency. 

3. It improves the utilization of the main trans- 
former. 

4. By reducing the amount of current being com- 


mutated at one time, it improves the regula- 
tion of the d-c voltage. 


TWO 2.000 KW RECTIFIER TRANSFORMERS and one 750 kva 
auxiliary transformer installed in a Chlorine-Caustic plant. 
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ENGINEERING FUNDAMENTALS 


OBTAINING AND MEASURING THE VACUUM IN A MERCURY ARC RECTIFIER 


There are approximately 400,000,000,000,000,000,- 


000 molecules of air in each cubic inch at atmos- 
pheric pressure. In fact, there are so many of them 
that it is quite difficult for'an electrical current to 
pass through them under ordinary conditions. 

If their number is decreased to about one-mil- 


lionth of the above figure, an electric current can 
pass through the air quite easily, especially if the 
remaining air is mixed with a number of molecules 
of mercury or some other readily ionizable vapor. 


It is easy enough to make enormous numbers of 
mercury molecules float around in the air. This can 
be done by heating mercury until it boils, which 
it does at a temperature around 340° C. The more 
difficult thing to do is to reduce the number of air 
molecules to about one-millionth of the number gen- 


erally present. 


For this latter purpose, vacuum pumps have to 
be used. These may be of any type, from the sim- 
ple cylindrical design with a moving piston or plun- 
ger to the highly refined and very efficient molecu- 
lar pump. Besides these mechanical pumps, vari- 
ous fluids—liquids or gases—may be used to pump 
out the air. Water, steam, liquid mercury, and mer- 
cury vapor are four media which may be used for 
this purpose and which produce increasingly higher 
degrees of vacuum. 


@ Rectifier evacuation 


For evacuating commercial mercury arc rectifiers 
of most of the types currently on the market, both 
mechanical and mercury vapor pumps are used. 
Permanently evacuated, sealed-off rectifiers, of 
course, do not require continuous evacuation by 
means of vacuum pumps because, once they are 
sealed, they will retain their initial vacuum almost 
indefinitely. 

Going from atmospheric pressure to the highly 
rarefied interior of a mercury arc rectifier, the first 
pump is usually a simple rotating-vane pump oper- 
ating in oil. The second pump is usually a mercury 
vapor diffusion pump. In it, a small quantity of 
mercury is heated until it boils, and the resulting 
vapor is so directed against baffles that it drags 
with it the molecules of air and gas near which it 
passes. Those unwanted molecules are then dis- 
charged into a pipe or intermediate vessel from 
which the rotary pump can remove them. The mer- 
cury vapor itself is condensed and flows back into 
the small mercury “boiler” at the bottom of the 
high vacuum pump. 
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Once the vacuum pumps have been operating 
until there is almost nothing left in the rectifier— 
speaking relatively, that is—it becomes desirable 
to measure just how little air and vapor are left 
in the rectifier. An ordinary pressure gauge, of 
course, will not do. Neither for that matter will 
an ordinary barometer, because the pressure of the 
remaining air will be so little that instead of raising 
the mercury column in the barometer tube some 
29 or 30 inches, as it does at sea level, it would 
raise the mercury column about 0.00004 inch above 
the indication given by a perfect vacuum. This is 
a distance about one-thousandth of the diameter 
of a human hair. Obviously such a small difference 
in the height of the mercury column could not be 
detected and much less measured by the naked eye. 
Other means must, therefore, be employed to detect 
and determine the exact amount of gas and vapor 
pressure remaining in the tank. 


e Methods used 


One of the oldest and simplest schemes for accom- 
plishing this end is the use of a sort of magnifying 
barometer tube named, after its inventor, the Mc- 
Leod gauge. By an ingenious system of intercon- 
nected glass tubes and globes, the minute amount 
of pressure available is made to give a greatly en- 
larged indication of its magnitude, so that pressures 
of even one-tenth of the above mentioned one-thou- 
sandth of the thickness of a human hair can be 
measured with accuracy. 


However, any evacuated vessel contains not only 
so-called “perfect” gases, whose pressure and vol- 
ume relationship was first enunciated by an early 
investigator named Robert Boyle, but also vapors 
which do not behave according to the simple law 
of the “perfect” gases. These are readily condensed 
at ordinary temperatures. To measure gases of this 
kind, which are called vapors, advantage is taken 
of one of their other characteristics. Properties 
which lend themselves to this purpose include those 
of thermal conductivity, electrical resistance, lumi- 
nescense in electric fields of varying strengths, etc., 
and all of these properties, as well as some others, 
have been used to form the basis of commercial 
vacuum gauges. Some of these will be described 
in a later issue. 


ON FOLLOWING PAGES: Assembling plate steel spiral 
casing on speed ring of a 20,000 hp hydraulic turbine. 
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BALL AND ROD 
MILLS AND THEIR 
MOTOR DRIVES 


* 


eE. F. Stemmler ... MINING DIVISION 
ALLIS-CHALMERS MANUFACTURING CO. 


In general the designs and appearances of ball 
mills and rod mills are very similar except for 
minor details. Both types of mills are used to fur- 
ther reduce material that has been crushed. Al- 
though their most common applications are for 
grinding ores in the mining industry, many uses 
have been found for them in connection with other 
materials not directly associated with the mining 
industry. 

Despite their similarities in design and appear- 
ance, each type of unit has its characteristics which 
make it best suited for specific service requirements. 
Ball mills loaded with forged steel balls as grinding 
media are ordinarily used to best advantage for 
grinding material reduced to particles ranging in 
size from three-fourths of an inch and under 
through fine meshes, including 325 mesh. Rod mills, 
on the other hand, when loaded with rods, have a 
grinding range usually between 10 and 60 mesh. 
In some cases an advantage of one type of mill 
may overlap an advantage offered by the other type, 
and then, of course, a complete analysis of the 











seine 
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Fig. 1 


problem should be made to determine the most de- 
sirable type. 


A ball mill or rod mill is usually loaded with its 
respective grinding media to approximately the 
center line of the mill. This constitutes an unbal- 
anced load and requires special consideration to the 
problem of starting from standstill. When the mill 
is up to normal speed, the load is practically con- 
stant and only slight pulsations in power require- 
ments can be noticed. 


The unbalanced load features require careful con- 
sideration in order that the proper type of motor 
may be selected for the type of drive decided upon. 
The motors may be of the single squirrel cage, 
double squirrel cage, wound rotor or synchronous 
type, depending upon the drive. 

Various combinations of drives may be used with 
ball mills and rod mills, and the arrangements are, 
of course, necessarily those which are best suited to 
the size of unit in question, to the existing equip- 
ment, or to the plant under consideration. The sev- 
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eral common arrangements of drives are: spur gear 
with pulley and clutch, spur gear with multiple V- 
belt drive; herringbone gear for direct connection; 
igbone gear and speed reducer drive. 








and herrir 


The type of drive employing a spur gear with a 
pulley and clutch is frequently used for the smaller 
sizes of ball mill and rod mill units where small 
capacities are involved and where all other equip- 
ment is arranged for belt drive. For these installa- 
tions a standard squirrel cage motor with low start- 
ing torque may well be used, as the motor can be 
brought up to speed and then the clutch thrown in 
to start the mill from standstill and bring it to op- 


erating speed. 


e V-belt 


For the medium size units, the spur gear and 
multiple V-belt drive combination is used exten- 
sively. Fig. 1 shows a typical arrangement. The 
multiple V-belt drive permits very close centers and 
makes possible a very compact arrangement of mo- 
tor and mill. Ordinarily clutches are not used with 
this combination; therefore, it is necessary to pro- 
vide a motor having a high starting torque to start 
the mill from standstill. These requirements can be 
met by either a double squirrel cage induction 
motor, a wound rotor type motor, or a synchronous 
motor. The synchronous motor and the double 
squirrel cage motor, however, should be used only 
on systems where a large inrush of current at start- 
ing is not objectionable to the power companies. 
Wound rotor motors, on the other hand, are used 
in many cases because of their high starting torque 
and moderate current demand from the power cir- 
cuit. 





e Direct-connected 


For large size units where sufficient power is 
available, direct-connected drives are generally pre- 
ferred as shown in Fig. 2. With this type of drive 
it is necessary to supply a set of high ratio primary 
gears to permit the use of medium speed slip ring 
induction motors or synchronous motors. The pri- 
mary gear ratio is usually from 15 or 20 to one, and 
this can be obtained with herringbone gears or 
gears of similar type. 


To permit the use of high-speed motors of the 
wound rotor or synchronous type, a speed _ reducer 
with secondary gears enclosed in an oil-tight case 
is often employed. 


In either of these cases, whether arranged for 
direct connection with primary gears only or with 
both a primary and a secondary gear set, high 
starting torque motors are essential unless special 
means are provided. The wound rotor type is the 
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most desirable type for direct connection because 
of its ability to deliver a large starting torque with 
minimum current, but when power factor correc- 
tion is to be considered, synchronous motors might 
be considered provided their larger starting current 
characteristics are not objectionable. 


Magnetic clutches are generally used where syn- 
chronous motors having standard starting and pull- 
in torques are used for direct-connected drives. A 
motor of this type requires a magnetic clutch, since 
its starting torque is not sufficient to start the mill 
and bring it up to full load speed. In such cases, the 
motor is brought up to speed at no load; and when 
the magnetic clutch is energized, the load is brought 
from rest to operating speed. 


If magnetic clutches are not used and a syn- 
chronous type motor is desired, the motor must, of 
course, be specially designed to have sufficiently 
high starting and pull-in torques to permit starting 
the mill and bringing it up to operating speed. 

All synchronous motors may be built for either 
unit or 80 percent power factor. Because the loads 
of ball mills and rod mills are practically uniform 
and the mills operate twenty-four hours a day, 
seven days a week, they provide an excellent means 
of power factor correction. 


It can be seen from the foregoing that an analysis 
of the application for a drive to be used in connec- 
tion with a ball mill or a rod mill is very important, 
as the type of drive selected can have a direct in- 
fluence on the successful operation of the mill. 
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AIR BLAST 
CIRCUIT 
BREAKERS 
* 


Wm. S. Edsall, Assistant Manager 
ELECTRICAL DEPARTMENT 
ALLIS-CHALMERS MANUFACTURING CO. 


European manufacturers were the first to attack 
the problem of producing satisfactory oilless circuit 
breakers. They were spurred on not only by the 
desire to eliminate possible hazards through the use 
of oil in circuit breakers, but also by the high cost 
of petroleum products in Europe. The natural and 
first step was to change the form of oil circuit 
breaker design to a type using a very much reduced 
volume of oil. Some successful circuit breakers 
are built in this manner today, but these are still 
subject to the objection that they require some oil. 


Some European manufacturers have had experi- 
ence with circuit breakers using water, or other non- 
inflammable liquids, as the interrupting medium. 
These breakers have not found a very wide market 
because the interrupting characteristics and other 
factors inherent to breakers of this type are not as 
favorable as some other oilless designs. 


e@ Only oil and compressed air 
applicable to all sizes and designs 


Research work has been done in which consid- 
eration has been given to many oilless circuit 
breakers, such as the vacuum breaker, the helium 
breaker, the carbon-dioxide breaker, the water cir- 
cuit breaker, and the mercury arc rectifier. Work 
has been done on several types of compressed air 
and air blast breakers. Each type of circuit breaker 
must be measured by certain standards. These 
standards are: First, it must be capable of being 
designed for a high degree of insulation security. 
Second, it must be capable of carrying turrent 
continuously without undue temperature rise. 
Third, safe and sure interruptions must be effected. 


AT LEFT: Induction motor driving a radial drill press. 
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Fourth, the breaker must be capable of closing and 
opening and reclosing at high speed. 


Measured by these standards, the present-day 
oil circuit breaker is more satisfactory than any 
oilless circuit breaker known. It is the only type 
of breaker to which the same medium of interrup- 
tion and the same principle of interruption can be 
applied throughout the entire range of current, 
voltage, and interrupting capacity steps — from the 
smallest indoor breaker to the iargest and highest 
voltage outdoor breaker. Vacuum breakers, water 
breakers, and other types can be applied to cover 
certain portions of the range, but each is limited 
and cannot equal the versatility of the oil circuit 
breaker. 


Aside from oil, the medium which most nearly 
approaches the versatility of oil is compressed air, 
as applied in the air blast circuit breaker. 


The application of compressed air for the ex- 
tinguishment of an arc was first suggested about 
the beginning of the century. There had not been 
a great deal of progress on the air blast breakers, 
because sufficient interrupting capacity testing facil- 
ities were not available. With the development of 
high interrupting capacity testing laboratories ca- 
pable of continuous rapid testing, the research work 
for compressed air breakers got under way. Unlike 
the oil circuit breaker, which started on a rule-of- 
thumb design basis and, later, by means of con- 
tinual interrupting capacity tests, finally evolved 
into a scientific piece of apparatus, air blast break- 
ers were initiated on a sound basis of research, de- 
velopment, and test. Thousands of short circuit 
tests under all voltages, rates of rise of recovery 
voltage, frequencies, power factors, and currents 
have built up a background of scientific design data, 
the like of which was not available in the early 
history of oil circuit breakers. The air blast breaker 
has its limitations like any other piece of equip- 
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ment. But, unlike other circuit breakers, the boun- 
daries of its operating characteristics have been 
explored; its limitations have been found; and 
safety has been assured by the application of rea- 
sonable factors of safety. The air blast breaker has 
emerged from the test laboratories as the unique 
circuit breaker of today. 


@ Design of the air blast circuit breaker 


The general design and the operation of one 
specific construction of the air blast circuit breaker 
are illustrated in Figs. 1, 2, and 3. In the diagram- 
matic drawings a welded steel compressed air tank 
(1) comprises the foundation on which the active 
parts are mounted. Compressed air at 120 lb. or 
225 lb. is stored in sufficient volume for one inter- 
ruption. The tank has pipe connections connecting 
it to the compressed air supply and storage system 
of the station. The compressed air tank is horizon- 
tally mounted, and the main air blast valve (2) is 
fitted onto the top of it. Hollow insulator supports 
secured to the tank carry the active elements of 
the breaker. The arcing chambers (3) are attached 
to the three upper insulator supports. These arcing 
chambers carry the exhaust mufflers or coolers (4). 
Isolating or disconnecting contacts (5), connected 
in series with the arcing chambers and mechanically 
interconnected, have their fulcrums on the three 
lower insulator supports. The operating links (6) 
control the disconnecting contacts and are actuated 
by the breaker shaft (7). Two compressed air pis- 
tons (8) and (9), governed either electrically or 
manually by the control valves (10) and (11), ac- 
tuate the breaker shaft (7). 


@ Its operation 


The opening of the breaker is effected by means 
of the air blast valve (2), which is controlled by 
the solenoid-operated valve (11). When valve (2) 
is opened, compressed air rushes through the valve 
into the distribution duct (12) to the three hollow 
upper insulator supports and through these to the 
arcing chambers (3). Each of the arcing chambers 
contains a fixed contact (13) and a movable con- 
tact (14). The movable contact is designed as a 
piston and is kept pressed upward by spring action 
against the fixed contact. As soon as the air pres- 
sure in the arcing chamber rises, this movable con- 
tact is forced downward by the compressed air. 
This movement is very slight—about one-half inch. 


As the mass of moving contact displaced is neg- 
ligible compared to the forces acting on it, the dis- 
placement or movement is extraordinarily rapid. 
Upon separation of the contacts, an electric arc is 
formed, which is driven through the fixed contact 
by the rush of compressed air. The air blast en- 
velops the arc on all sides and streams along its 
length, sapping its energy and causing it to be 
extinguished in a very short space of time. 


Simultaneously with the air rush to the inter- 
rupting chamber, the switching-out cylinder (9), 
connected to distribution pipe (12), is also sub- 
jected to air pressure. The piston of cylinder (9), 
acting through breaker shaft (7) and insulating 
link (6), causes the disconnecting contacts (5) to 
open. The time required for the opening of the dis- 
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connecting contacts is relatively long compared to 
that required for opening the arcing contacts and 
extinguishing the arc; and, therefore, the discon- 
necting contacts open under no current at a certain 
fixed time after the extinction of the arc. 





An auxiliary contact (15), mounted on the shaft 
(7) of the breaker, interrupts the current actuating 
the solenoid-operated valve (11) as soon as the 
disconnecting contacts are open. This valve then 
closes, cutting off the air supply to the air blast 
valve (2) and, at the same time, letting the air re- 
maining on the reverse side of the blast valve (2) 
stream out. The blast valve (2) then closes under 
the influence of the pressure of the air remaining 2 
in the compressed air tank, and this causes the pres- | ‘\ 
sure in the arcing chambers to fall, which is fol- 
































lowed by the arcing contacts coming together again | ¥) | 

under the force of the spring. The air blast required ! 

to rupture the arc causes the pressure in the air ~ 7 “4 
tank to fall to about half its original value. As the 

tank is always connected to a compressed air sup- < 


ply, air again flows to the breaker tank, and the 
breaker is ready to act again. 


In order to close the breaker, control valve (10) 
is actuated and compressed air is thereby admitted y 
to the closing cylinder (8). The piston of this cyl- V{LLLLLLLLLLLLL LL LLL LLL A 
inder moves the disconnecting contacts through 
breaker shaft (7) and links (6) and causes them to 
close very rapidly, which closes the main circuit. 
Thus, the closing of the breaker always takes place 
in air under atmospheric pressure. Thorough tests 
have proved that the breaker can be safely closed 
on a heavy short circuit. There is practically no 
sparking or burning of contacts, because the high 
speed of travel of the contacts driven by the air 
pressure permits no appreciable arcing time. 
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By means of a simple interlock (16), all switch- 
ing operations, once initiated, are carried to com- 
pletion. A mechanical trip-free device (17) permits 
the disconnecting contacts to close against short 
circuits and open freely instantaneously. 


























The oscillogram, Fig. 4, clearly illustrates the 
performance of the breaker just described. This 
oscillogram shows the closing and opening of a 
50,000 volt, high speed, air blast circuit breaker. 
The test was carried out at full voltage, both when 
closing on 745,000 kva and when rupturing at 
550,000 kva. The time between closing and opening, 
that is, the duration of the short circuit, was inten- 
tionally chosen to be long enough to distinctly sep- 
arate the oscillograms of both operations. Under 
ordinary service conditions, the duration of a short 


circuit is considerably shorter and is dependent, of i-l2. AIR-BLAST HIGH-SPEED CIRCUIT 
course, on the setting of the protective relays. BREAKERS 

The air blast breakers produce a rather sharp D. COMPRESSED-AIR GENERATOR. 
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available to reduce the intensity, but the noise is VE 
still audible for some distance. This may be desir- ALVE . 


able. ; HL. MAIN DISTRIBUTION PIPE. 
AL. BRANCH PIPE. 


e Compressed air equipment Fig. 5 


The usual operating pressure for air blast break- 
ers is 120 or 225 lb. depending on the interrupting 
capacity. In plants where there are breakers using 


MARCH 1939 * ALLIS-CHALMERS ELECTRICAL REVIEW * PAGE 25 





two different air pressures, the air is compressed 
and stored at the higher pressure and passes 
through a reducing valve for use on the lower pres- 
sure. If the air pressure in the distribution plant 
drops because of some trouble, an alarm is sounded. 
The breakers on the system are not affected, as their 
pipe connections to the air-distribution plant have 
check valves. It is impossible for air to flow back 
from the breaker tank to the distribution system; 
hence, the breakers always have sufficient air for 
one opening and one closing operation. 


Fig. 5 shows the diagrammatic layout and gen- 
eral arrangement of the compressed air generating 
and distributing plant in a station containing twelve 
circuit breakers. In a station of this type the stor- 
age tanks may be located in the corners, and the 
compressed air plant, at the end, as shown. With 
such a distributing system, even under the most 
unfavorable conditions the circuit breaker com- 
pressed air tank may be refilled to operating pres- 
sure in about five seconds. This speed of filling is 
attained even though the main distributing pipes 
are only one-inch standard pipe, and the taps from 
the distributing pipe to the breaker tanks, one-half 
inch pipe. 


The compressed air supply system is quite sim- 
ilar to the usual storage battery system for closing 
and tripping oil circuit breakers. The motor driven 
air compressor is substituted for the charging motor 
generator set and regulating equipment. The stor- 
age tank acts in place of the storage battery. One- 
inch copper distribution pipes are used in place of 
the d-c control buses. 


Also, the capacity of the air system is calculated 
on very nearly the same basis as a storage battery 
system. It is obvious that the sizes of compressed 
air plants and of the storage tanks vary with the 
number of circuit breakers in the stations and the 
probability of a large number of breakers interrupt- 
ing simultaneously. The system diagrams and 
scheme of relaying furnish the information as to 
how many breakers can possibly trip at one time. 
With such information at hand, it is customary to 
select storage tanks of adequate size to permit not 
only the calculated operations but probably as many 
as twice the number. Storage-tank capacity is not 
expensive, and a liberal factor of safety can be eco- 
nomically introduced. The usual method is to have 
sufficient storage-tank capacity so that all of the 
breakers could operate twice before the air pres- 
sure in the storage tanks would be lowered to a 
point where it would be necessary for the air com- 
pressor to start. 


Many very reliable air compressors are on the 
market today. Even for applications where air is 
stored at 25 atmospheres (350 Ib. per square inch) 
and reducing valves are used to provide air at op- 
erating pressures, reliable equipment is obtainable. 
Means are provided for automatically starting the 
air compressor upon lowering of pressure in the 
storage tanks. Adequate alarms to inform the op- 
erators of any failure in the compressed air system 
or the distribution system are also included. 
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Fig. 6 


Apart from the two solenoid control valves for 
closing and tripping the breaker — which need not 
necessarily be considered as parts of the breaker 
proper — there is only one valve in which the seal- 
ing must be perfect, and that is the main air blast 
valve. This is a simple and easily accessible com- 
position valve. The compressed air pressure in the 
storage tank acts on the valve to secure tightness. 


In this connection, tests were made on a plant 
similar to the one shown in Fig. 5. The pressure 
loss on the whole plant with all connecting cocks 
open measured about 3%4 lb. per square inch over a 
period of 24 hours. With no switching operations, 
such a plant would go for nearly a month before 
the pressure would fall to such a point as to cause 
the air compressor to start again. 


e Advantages of the air blast breaker 


It can be seen that the air blast breaker merits 
serious consideration for the following reasons: 


1—It is an oilless circuit breaker. 


2—The same medium—compressed air—can be 
used in nearly all designs, from the lowest 
voltage to the highest voltage and from the 
lowest interrupting capacity to the highest. 


3—For the same interrupting duty, the weight 
of an air blast breaker is less than the weight 
of an oil circuit breaker. 


4—-Interrupting speed, two to four cycles. 
5—Very fast reclosing. 


While the advantages mentioned above are 
gained from the particular design of air blast 
breaker described, herein, they are also obtainable 
to some extent by the use of other known designs 
of air blast breakers. One outstanding design has 
been discussed in detail simply to clarify the oper- 
ation and characteristics of the air blast type of 
circuit breaker. Fig. 6 shows a comparison of oil 
and air blast circuit breakers. 
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KNOW YOUR PATENTS! 


e W. Zierold 


PATENT ATTOBNEY... 


When a man speaks of a patent as a “pioneer” 
patent, a “basic” patent, a “broad” patent, or mod- 
estly refers to it only as a “strong” patent, his 
statement will bear investigation. A correct esti- 
mate of the scope of a patent is often difficult be- 
cause of the complexity of the questions involved. 
We have to keep in mind that. the merits and de- 
merits of a patent depend not only on engineering 
considerations but on legal considerations as well. 
For instance, a man may have made an invention 
of the highest rank from the standpoint of inge- 
nuity and engineering accomplishment, and yet his 
patent may be worth little or nothing because it 
is legally inadequate or defective. On the other 
hand, an invention which rises only little over 
ordinary engineering skill may still be compara- 
tively valuable if it is covered by a legally sound 
patent. Engineering and legal judgment alike are 
necessary to determine the merits and demerits of 
a patent. 


To the inquisitive mind, a patent makes its 
strongest appeal by the disclosure of that intan- 
gible something which we call “invention.” Like 
a work of art, an invention manifests itself by its 
presence, and when we are called upon to analyze 
an invention, we are facing about the same difh- 
culties which an artist would have if he were to 
explain just what makes his creation a work of art. 


Fortunately for the inventor, the patent law does 
not require him to explain the metaphysical char- 
acter of his mental creation, but it does require 
him to make “a written description of his invention 
or discovery, and of the manner and process of 
making, constructing, compounding and using it, 
in such full, clear, concise, and exact terms as to 
enable any person skilled in the art or science to 
which it appertains, or with which it is most nearly 
connected, to make, construct, compound, and use 
the same; and in case of a machine, he shall ex- 
plain the principle thereof.” Between the lines of 
this written description which is required of the 
inventor, we must look for the spark of genius, for 
the display of originative faculty, which’ alone 
makes his disclosure an invention. 


e Drawings 


Patents for mechanical devices or anything that 
is capable of illustration speak to us not only by 
words but also by drawings. The language of ‘the 
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drawings is the inventor’s most convenient means 
of expression; it is most readily and quickly un- 
derstood by those to whom the patent is addressed. 
In starting an investigation of a patent, we first 
study the drawings. If we know enough about the 
art to which the patent relates, we may be able 
to approach the invention by a critical examina- 
tion of the drawings alone. We may find a device 
or machine of a general character with which we 
are familiar, but which has certain particularities 
which strike us as new and original. 


The invention will then most likely be found 
in the departure from that which we know is old 
and which has been disclosed by others before the 
inventor made his invention. It is also well to note 
the date of the filing of the application for a patent, 
which is plainly printed on the drawings. A clear 
drawing, skillfully prepared so as to bring home the 
point or points which the inventor wants to make, 
is a decided asset to a patent, since it affords a 
view of the invention which would be difficult, if 
not impossible, to depict by words alone. 


We must be careful, however, not to mistake 
the physical embodiment of the invention which is 
illustrated in the drawings for the invention itself. 
The drawings reveal only certain ostensible factors 
of the invention from which the cardinal factors 
are still to be determined. In other words, the 
device shown in the drawings may be subject to 
modification and yet have the characteristic fea- 
tures which are the essence of the invention. A 
basic or broad patent will permit substantial mod- 
ification of the concrete exemplification of the 
drawings without elimination of the invention, 
while a narrow or restricted patent, on the other 
hand, will require close adherence to the concrete 
exemplification of the drawings in order to let the 
invention survive in a modification. 


e@ Specification 


Turning next to the written language of the pat- 
ent, we find that it does not start out with a de- 
scription of the drawings but with a more or less 
lengthy discussion of the “objects” of the inven- 
tion. Here the inventor states what he proposes to 
accomplish by his invention, and what he says and 
the manner in which he says it often become 
highly important in determining the scope of his 
patent. However, the statement of invention, as 
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the discussion of the objects is called, should not 
always be taken at face value. It is not unusual 
for a statement of invention to be written in such 
general terms as to be practically meaningless, or 
for it to be overdrawn and grossly misleading as 
to the invention which the patent actually covers. 
A weak and colorless statement of invention, as 
well as an overdrawn or misleading statement of 
invention, is a decided handicap in the interpreta- 
tion of a patent. 

How an overdrawn or misleading statement of 
invention gets into a patent is easily explained. 
When an inventor files his application for a patent, 
he proceeds on what he knows of the prior art, 
and he writes his statement of invention on the 
basis of this knowledge. The U. S. Patent Office 
may then cite prior patents or other references to 
show that the inventor was mistaken in what he 
thought he had invented; and when he finally gets 
his application allowed on what patentable surplus 
it may contain, he forgets or neglects to revise his 
statement of invention in conformity with the 
actual state of the prior art. Thus, we see that the 
statement of invention is not an infallible guide 
towards a correct understanding of what the patent 
really covers, and we would make a grave mistake 
by judging a patent merely on the strength of the 
contents of the statement of invention. 


The principal purpose of the statement of inven- 
tion is to give us an understanding of the utility 
of the invention and of its advantages which the 
inventor believes are his contribution to the ad- 
vance of the art. Knowing that much about the 
invention, we come closer to the appreciation of its 
merits, but what the patent really covers still re- 
mains to be seen. 


e@ Disclosure 


The law requires, as we have seen, that a patent 
contain a full disclosure of the invention, and the 
discussion of the objects serves in part to comply 
with this requirement. In order to further comply 
with the requirement for a full disclosure, the 
specification of the patent proceeds with a descrip- 
tion of an embodiment of the invention. Naturally, 
the inventor selects for exemplification in the pat- 
ent the best mode he knows of for carrying out 
the invention. By doing so, however, he does not 
commit himself to a limitation in the sense that 
the invention may not be embodied in another or 
better way than that which he has selected for 
exemplification and which he thought was the best 
when he filed his application. A carefully written 
specification guards against the implication that 
the invention might be limited to the concrete ex- 
emplification by stating that the drawings show a 
“preferred” embodiment of the invention or by 
other statements of like import. 


The desire to avoid undue commitments in the 
description of the drawings also finds expression 
by frequent reference to possible alternatives or 
substitutions. Such statements are sometimes help- 
ful in segregating the important from the less im- 
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portant features of the invention, but they often 
cause the uninitiated reader to wonder about their 
possible meaning. For instance, if an inventor has 
included a statement that one part of his device is 
connected to another “by bolts or any other suit- 
able means,” we will be about ready to agree with 
the pungent criticism of a commentator who ob- 
served, “He may be talking about bolts but I think 
that the brother is nuts.” Indiscriminate references 
to alternatives will indeed confuse rather than 
clarify the invention, but if judiciously used, they 
are no mere legal hocus-pocus and serve a real 
purpose in elucidating the invention. 


The selected exemplification of the invention is 
usually described with meticulous care, it being the 
inventor’s theory that by enlarging upon details 
he will be sure to catch the invention. In the case 
of a machine, the description of its construction 
and mode of operation often becomes cumbersome 
reading to which, however, we must submit in order 
to be fully equipped for a critical view of the in- 
vention. 


e Claims 


In addition to the requirement of a full disclosure 
of the invention, the patent law requires that the 
inventor shall “particularly point out and distinctly 
claim the part, improvement, or combination which 
he claims as his invention.” In other words, the 
entire disclosure, including drawings, statement of 
invention, and description is mainly and lastly only 
a basis for the claim or claims which appear as 
one or more numbered paragraphs at the end of 
the specification. 

The original patent document which the inventor 
receives from the U.S. Patent Office bears on its 
first page an impressively sealed statement which 
proclaims that the patent is to grant to the inven- 
tor, for the term of 17 years, the exclusive right to 
manufacture, use, and vend his invention through- 
out the United States and the territories thereof. 
In order to make it reasonably possible for any one 
to respect this grant and avoid infringement, the 
inventor must not only disclose his invention, but 
he must also claim it. 


Let us assume that there were no claim or claims 
in a patent. In that case the inventor could assert 
his right of exclusion against supposed infringers 
entirely at his pleasure and in the most high-handed 
manner. It would leave the door open for him to 
change his mind from time to time about what he 
intends to claim as questions of infringement arose, 
and there would be no end to arguments about his 
rights. 

For example, there would be those who would 
say that the inventor could not claim infringement 
unless the embodiment of the invention as it ap- 
pears from the disclosure had been copied in every 
detail—a very disputable argument, because it must 
be remembered that the concrete form in which 
the invention has been incorporated only reflects 
the spirit of the invention, and that even an inven- 
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tion of the most limited scope is always capable 
of modification, at least to some extent, without 
becoming extinct. 

Then there would be those contestants who would 
be willing to concede that the disclosed embodi- 
ment of the invention is capable of modification, 
but only within certain limits—limits which they 
would fix entirely to their liking and to the utter 
dislike of the inventor. The inventor of course 
would say that the invention entitled him to claim 
the world. 

Extreme views such as these may appear unrea- 
sonable and unlikely to be taken even if patents 
were issued without claims since honesty and rea- 
sonable judgment may be expected on both sides, 
on the side of the public as well as on the side of 
the inventor. Be that as it may, the fact remains 
that a patent without claims would present the 
greatest difficulties to an equitable and impartial 
interpretation. Without expert knowledge of the 
art to which the patent relates, we could not even 
guess what the inventor might be entitled to claim, 
but, with the inventor’s claims at hand, we can at 
least form an opinion as to the possible limits of 
his right of exclusion. 


A claim is a definition of the disclosed invention, 
and in formulating such a definition the inventor 
will withdraw more or less from the embodiment of 
the invention which he has described. For instance, 
he probably will not call a spade a spade, but he 
will call it a soil working implement if the inven- 
tion is susceptible of definition under the broader 
term; and he will otherwise couch the claim in gen- 
eral rather than specific terms. 


This may make it difficult for us to understand 
the claim upon first reading if we have not taken 
a good look at the disclosure. But after we have 
understeod the disclosure and then read the claim 
carefully and keep our mind fixed on the disclosure, 
we will see quite readily how it reads on the dis- 
closure. The mystery which at first seemed to sur- 
round the claim will quickly vanish, and the inven- 
tion defined by the claim will—or should—come to 
light. Before any claim is allowed it must pass 
the criticism of the examiners in the Patent Office, 
who consistently refuse to allow claims which they 
consider vague, ambiguous, or indefinite. Rejec- 
tions on these grounds are quite common, and when 
a patent is issued, its claims are supposed to be 
free from these defects. 


e Terms 


The preference of general terms over specific 
terms in the phraseology of a claim is an expedient 
to which the inventor resorts in order to make the 
claim, and, therefore, his protection, as broad as 
possible. A claim in which the constituent ele- 
ments of the invention and their functional relations 
to each other are defined in broad terms leaves 
room, without further inquiry, for a broad inter- 
pretation of the invention, while a claim in which 
the constituent elements and their functional rela- 
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tions are defined in specific terms tends to indicate 
that the invention is not susceptible of a broad in- 
terpretation. 

However, breadth of language, while desirable, 
is more or less a matter of form; and when we 
analyze a claim, we must be guided by its spirit 
rather than by its letter. Equivalents—that is, true 
equivalents within the scope of the invention—are 
always included within the scope of a claim, and 
the doctrine of equivalents can be invoked where 
the terms of a claim are specific, but the invention 
which it defines is generic. 


@ Number of elements 


A matter far more important to the inventor than 
the language of the claim is the question of whether 
it includes the least number of elements which are 
necessary to define the invention. The inclusion of 
any additional element in excess of the least num- 
ber required introduces a limitation, and if an al- 
legedly infringing device does not include all the 
elements which are recited in the claim, infringe- 
ment will seldom, if ever, be found to exist. 


As a rule, the inventor who has secured a broad 
claim, or possibly a few broad claims, also has nar- 
rower Claims incorporated in his patent, and in the 
narrower claims he usually takes a firmer grip upon 
the embodiment of the invention which he has de- 
scribed. It is not necessary that the narrower 
claims include a larger number of elements than 
the broad claim since many limitations can be ef- 
fected by qualifying the elements of the broad claim. 
A change of a single word in the broader claim or 
the addition of only one word to it is sometimes 
sufficient to make it narrower; and, where such fine 
distinctions are made, we have to look closely to 
determine which is the broadest claim. 


The introduction of additional elements into the 
broad claim is another method of limiting it and 
adding to the number of claims, the only require- 
ment being that the additional element and those 
of the broad claim must combine to produce a uni- 
tary result and not merely an aggregation. Narrow 
claims, in addition to broad claims, are generally 
desirable because the patent will then not stand 
and fall with the broad claims alone. Upon suit 
for infringement, the broad claim or claims may 
be held invalid, while the narrow ones may be held 
valid and infringed. Or, if the suit does not involve 
the narrow claims, an adverse judgment upon the 
broad claims may leave the narrow claims undis- 
turbed, in which case the inventor could still assert 
rights of exclusion under the narrow claims, and 
these would be entitled to a presumption of validity 
like any other unadjudicated claim. 


We see, therefore, that the claims are the most 
important part of any patent. If we want to know 
what the patent covers, we have to know what is 
in the claims. It is the claims, and the claims alone, 
on which the inventor is permitted to rely in assert- 
ing his right of exclusion—an elementary rule which 
cannot be emphasized too strongly. 
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RURAL LINE 
TRANSFORMER 
PROTECTION* 


* 


J. B. Hodtum 
TRANSFORMER DIVISION 


ALLIS-CHALMERS MANUFACTURING CO. 


Like all other transformers, the rural line trans- 
former (Fig. 1), or distribution transformer for 
rural service, needs to be protected from the dan- 
gers incident to its being subjected to voltages 
greater than its rated voltage. The overvoltages 
that a rural line transformer has to contend with 
are generally those induced by lightning disturb- 
ances, which practically always produce voltage or 
current waves having steep wave fronts. Because 
the locations for transformers of this type are re- 
mote in respect to proximity to substations (see 
Fig. 2) where large investments in electrical equip- 
ment and facilities are centered, the problem of 
adequately protecting these comparatively inexpen- 
sive, although very necessary, pieces of electrical 
apparatus is of major importance to any electrical 
system on which they are used. 


The investigation for suitable protection leads to 
the best possible determination of two factors: 


i—The impulse characteristics of the transformer 
and its associated equipment. 


2—The means for limiting the surges or impulses 
to the transformer. 


e Testing for impulse characteristics 


With the facilities set up by the impulse labora- 
tories of electrical manufacturers, accurate determi- 
nation of the impulse characteristics of the trans- 
former and its associated equipment becomes pos- 
sible. In accordance with the standard procedure 
for this type of testing, an impulse test is conducted 
on a simple air gap, using a positive wave which 
rises to crest, the maximum voltage, in 1.5 micro- 
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seconds and then decreases to 50 percent of crest 
value in 40 microseconds from the start of the wave. 
To obtain this wave, the constants, capacity, in- 
ductance, and resistance of the surge, or impulse 
generator are adjusted with the transformer con- 
nected in the circuit. After these adjustments have 
been made, the crest value of the wave is increased 
by increasing the charging voltage of the generator 
condensers. The wave impressed upon the unit will 
then always reach its crest value in the same time 
for voltages of any magnitude. Although the wave 
remains a 1.5 x 40 microsecond wave, its rate of 
voltage rise increases as the magnitude of the crest 
value is increased. 


If this voltage is gradually raised with repeated 
application of the same voltage until flashover oc- 
curs about 50 percent of the time, the breakdown 
will occur several microseconds 2fter the wave has 
reached the crest value. In other words, the break- 
down will occur on the tail of the wave and at a 
voltage lower than the crest value. The crest volt- 
age for this case is the minimum 1.5 x 40 voltage 
required to cause flashover or breakdown of the 
equipment being tested. 


If the voltage is then raised only a small amount, 
breakdown will still occur on the tail of the wave, 
but the time to breakdown will be shortened. In- 
creasing the voltage still more will result in break- 
down on the front of the wave, or in less than 1.5 
microseconds. 


The ‘volt-time characteristic curve of the test 
piece is then obtained by plotting the total time to 
breakdown against the crest value of voltage, as in 
Fig. 3. (It will be noted that the voltage at the 
time of breakdown is not used.) 
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The impulse curve (A) reaches its crest value in 
1.5 microseconds and then decreases at a rate that 
would bring it to 50 percent of crest value in 40 
microseconds, but the test piece flashes over at 5.75 
microseconds, point “a” in the illustration. This 
crest value is the lowest, or minimum 1.5 x 40 wave 
that would cause flashover. If the crest voltage is 
increased as in curve (B), flashover will occur in 
2.15 microseconds. In the case of curve (C) flash- 
over occurs at the crest, or in 1.5 microseconds. The 
volt-time curve can then be obtained by plotting 
the crest voltage of each wave against the time to 
breakdown for that wave. The volt-time curve for 
the test is thereby established. 


Under service conditions, however, wave (A) 
may continue to rise at the same rate, instead of 
reaching its crest value in 1.5 microseconds. Pro- 
jecting the front slope of (A) until it intersects the 
time-lag curve will show the voltage and time re- 
quired to cause breakdown. In this case, the break- 








PAGE 32 e ALLIS-CHALMERS 


ELECTRICAL 





down on curve (C) would occur in 1.9 microsec- 
onds, instead of the 5.75 microseconds with a wave 
reaching crest in 1.5 microseconds. As the rate of 
voltage rise increases, the time to breakdown de- 
creases and the flashover voltage increases. For a 
rate of voltage rise corresponding to wave (A), the 
breakdown voltage is about 180 per cent of the min- 
imum 1.5 x 40 value. : 


This illustrates the condition encountered in 
service — the voltage continues to rise until flash- 
over occurs at some point. 


e Lightning arresters 


Fig. 4 shows the comparative time-lag charac- 
teristics of a 9-12 kv valve-type arrester, a double 
gap made up of a 1.5 in. gap and a 1 in. gap in 
series, 15 kv insulation, a standard 4.5 in. rod gap, 
and a 15 kv bushing such as would be used on a 
7200 volt rural line transformer. The 15 kv insula- 
tion curve is placed so that there must be added to 
it the same factor of safety as is included in the 
standard 60 cycle insulation test. In other words, 
such insulation would be tested at 34 kv for one 
minute, and since failure does not occur, likewise 
it would not occur for impulse voltages below this 
curve. Test waves (A) and (B) are the impulse 
tests required by the A. I. E. E. standards. 


This comparison shows that, regardless of the 
rate of rise in voltage, the lightning arrester will 
always limit the voltage to values safely under the 
insulation curve. The double gap set for 1.5 in. plus 
1 in. will protect the transformer from any voltage 
rising at a rate less than approximately 300 kv per 
microseconds. The bushing, if it is to meet custom- 
ary 60 cycle values, and the 4.5 in. gap cannot be 
depended upon to offer satisfactory protection. 


From this it will be seen that, if gaps are to be 
used to limit voltages to the transformers resulting 
from steep wave front surges, they must be set at 
reduced spacings. There is a limit, of course, as to 
how far the setting can be reduced without abnor- 
mally increasing the flashovers for waves having 
slow fronts. 


The arrester curve of Fig. 4 is based only on one 
lightning arrester manufacturer’s data, and is only 
the impulse breakdown. As soon as current flows 
through the arrester, an impedance voltage is set 
up. This voltage depends not only upon the mag- 
nitude of the current but also upon the rate of 
change of current. This particular arrester when 
discharging 10,000 amperes crest at 10,000 amperes 
per microseconds will have an impedance drop of 
approximately 80 kv. 


e The use of gaps 


If the protective device is a gap, the breakdown 
of the gap results in a short circuit on the system. 
In addition, most gaps continue to arc over until 
the voltage is removed, resulting in service inter- 
ruptions. There may, however, be some rural lines 
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where the short circuit current is not sufficient to 
maintain an arc across the gaps. There are on the 
market several enclosed gaps which extinguish the 
arc when the fault current passes through zero. 


Arresters are constructed of a number of small 


gaps in series with a resistance. The resistance char-- 


acteristics are such that in the presence of a high 
voltage the resistance becomes quite low, thus en- 
abling large discharge currents to be passed. When 
the presence of high voltage is removed, the resist- 
ance instantly increases to a value that will not 
permit an arc to be maintained across the series 
gaps of the arrester. The arrester is, therefore, auto- 
matically disconnected from the circuit and should 
not cause service interruptions. 


e The transformer circuit 


The transformer itself can be further considered 
by referring to the equivalent circuit of an inter- 
connected transformer as shown in Fig. 5. C, rep- 
resents the electrostatic capacity between the high 
voltage and low voltage windings. This capacity is 
too small to limit the voltage increase that may 
appear between windings. C, and C; are the ca- 
pacities of the high voltage winding to the trans- 
former tank and of the low voltage winding to the 
tank respectively on a small distribution trans- 
former. As C,; is approximately nine times C,, if 
the tank is perfectly insulated, 90 per cent of the 
voltage between the high voltage and low voltage 
windings will appear between the high voltage 
winding and the tank and across the high voltage 
bushings. For a given value of surge current — 
both magnitude and rate of rise— the drop across 
the lightning arrester, across the arrester lead to 
ground, and across the ground resistance can be 
calculated. If solid interconnection is used and the 
connection between the arrester and the low volt- 
age winding is short, the voltage between windings 
is practically the arrester impedance drop. 


The potential of the tank is fixed by the capaci- 
tances C, and C;. Since both of these capacitances 
are quite small, any leakage path from the tank to 
ground tends to reduce the tank potential to zero. 
When the tank potential is reduced to zero in this 
manner, the voltage across the high voltage bush- 
ings to the tank becomes the drop through the 
arresier, the ground lead, and ground resistance. 
The effectiveness of the arrester interconnection 
would, therefore, be neutralized, because it would 
permit the high voltage bushings to flash over and 
thus establish a 60 cycle fault path to ground, 
which would result in a service interruption. This 
undesirable effect can be overcome either by solidly 
connecting the tank to the low voltage neutral at 
the transformer or by inserting a small gap between 
the low voltage neutral bushing and the tank. 


The sketch of Fig. 6 shows the position of the 
windings and tank for an interconnected installa- 
tion. The voltage between windings is the arrester 
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impedance drop. If the tank is perfectly insulated, 
its potential will be just above that of the low volt- 
age winding. The voltage across the high voltage 
bushings would be about 90 percent of the arrester 
impedance voltage. If a leakage path exists from 
tank to ground, the tank approaches ground poten- 
tial, and voltage across the high voltage bushings 
increases to the total impedance drop to ground. 
With a gapped secondary, the tank moves away 
until the gap breaks down, which returns the tank 
to the potential of the low voltage coils and thus 
prevents flashover of the high voltage bushings. 


e Comparative advantages 


To properly protect a transformer against tran- 
sient voltages, the limiting voltage device must keep 
all voltages, whatever their causes, lower than the 
breakdown voltage of the transformer insulation. 





The connections between the limiting device and 
the transformer must be kept as short as possible 
to avoid impedance drops, which at lightning fre- 
quencies and high cutrents become of considerable 
magnitude. To obtain the full benefit of the limit- 
ing device, its ground lead should be interconnected 
with the low voltage neutral and the transformer 
tank. 


The only device meeting all of these require- 
ments is the lightning arrester. Gaps afford pro- 
tection only on the slower wave fronts. If the gaps 
are reduced to afford protection on the steeper wave 
fronts, the breakdowns for the slower waves ap- 
proach 60 cycle over-potentials, with the possibility 
of frequent interruptions to service. Furthermore, 
the lightning arrester draws practically no 60 cycle 
current, while the gaps permit system short circuit 
current to flow for appreciable intervals of time 
depending upon the type of gap used. 
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That’s What You Get When You Install Allis-Chalmers Rocking Contact 
Generator Voltage Regulators! Learn How You Cut Maintenance Costs 
... Get Better Service . . . with the Equipment that Pays for Itself! 


When fluctuating generator voltage runs up service costs 
... when that fluctuation means loss in profits . . . decrease 

, in customer satisfaction ... that’s a tough spot for every 
utility executive and engineer! 


But you don’t have to put up with that loss! Allis-Chal- 
mers Rocking Contact Regulators control generator voltage 
ACCURATELY ... DEPENDABLY ... FAST! 


Rocking Contacts move into action quickly! When the 
voltage changes, high speed contactors act within a few 
cycles, setting the excitation at. exactly the value you want 
... there’s no variation once the change is made! 


It doesn’t matter what kind of generator you have... 
Allis-Chalmers has a regulator designed to meet your needs! 
Get in touch with your nearest Allis-Chalmers District 
Office and learn how you can cut maintenance costs . . . give 
better service . . . with Rocking Contact Regulators! 


PAID FOR ITSELF IN 6 MONTHS! 
One of the world’s largest 
—— 46-aa he limestone processors found 
Se Cone Me | es a that with their former regula- 
tor Operated Ex- 4 b / ' 5 tors the yearly cost of $200 for 
citer Rheostat : repairs was insignificant com- 
with High Speed | @ ia - : pared to the operating losses and cost of clear- 
etd , tt oe! ing crushing rolls. These rolls would stop 

saaies BB. ee as when the voltage dropped, and invariably the 
cam crusher would be loaded when this occurred. 





sat te a 7 oe Then they installed Rocking Contact Regu- 
Motor Control El- . : " lators! Former delays through motor kickouts 
ement for Panel By @ 4 Ss caused by low voltage on the interlock system 
or Bracket Mount- ef : r Y have been eliminated. Operating costs have 


ing with Front [im = been cut 20%! The Regulator actually paid 


Cover Open. . ms * 
ee, 2. for itself in six months! 
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GET ALL THESE “EXTRAS IN ALLIS-CHALMERS OIL 
CIRCUIT BREAKERS WITH “QUICK-QUENCH’ RUPTORS! 


1. EXTRA LOW MAINTENANCE COST! Oil carbonization and 


contact deterioration are cut to a minimum by “QUICK- 
QUENCH” action! 


2. EXTRA HIGH INTERRUPTING CAPACITIES! Massive arcing 
contacts, large margins of safety, easy arc extinction with 
“QUICK-QUENCH” Ruptors. 


oO 

-c- EXTRA FAST RECLOSING TIME! Available with Allis-Chal- 
3 mers Ruptor-equipped Oil Circuit Breakers are high speed 
reclosing operators, which restore service well within the 
new NEMA standard. 


EXTRA QUICK SERVICING! Ruptors are easy to get at for 
inspection and servicing. They don’t waste the time of 
your maintenance men! 


MR. PHIL. PAUL, 
gAN ANBONTO 0 


ENTRA “BREAKS” FOR YOUR MONEY! You get consistent 
operation without constant attention. Ruptors’ “QUICK- 
QUENCH” action enables an oil circuit breaker to handle 
many more circuit interruptions before requiring inspec- 
tion and renewal of oil and contacts. 


6. EXTRA RESEARCH AND TECHNICAL FACILITIES! Technical 
engineering research is continually in progress in Allis- 
Chalmers laboratories, in those of associated companies 
throughout the world, and in thousands of installations in 
the field. You get the benefits! 


Get the details. Get all the facts. Let the Allis-Chalmers | 


representative in the District Office nearest you give you the 
whole story on “QUICK-QUENCH” action . . . on what 
Allis-Chalmers “extras” can do for you! 


ALLis-CHALMERS 
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CHOSEN FROM TWENTY-THREE 
ans and distinct designs for an interrupt- 


pe ee was the 
exhaustive tests, it was developed to its 


j present high efficiency and incorporated in oil 


circuit breakers, such as Bo 
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